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VALVING ARRANGEMENT FOR A NEGATIVE 
PRESSURE VENTILATOR 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 
This invention relates to the ?eld of valving arrange 

ments and more particularly, to the ?eld of valving 
arrangements for negative pressure ventilators and 
methods for operating them. 

2. Discussion Of The Background. 
Negative pressure ventilators are widely used to as 

aist patients who cannot breathe on their own or who 
simply need part-time or full-time assistance in breath 
ing. In many cases, patients only use such negative 
pressure ventilators at night while they sleep to rest 
their chest muscles and diaphragm so they can then go 
through the day unaided. 

Negative pressure ventilators essentially can do the 

5 

15 

work of breathing for the patient. In one common type 20 
of ventilator, a shell is placed over the front of the 
patient’s chest. The shell is held in place on the patient 
by straps with the perimeter edge of the shell substan 
tially conforming to the patient’s body to form a seal. 
The main portion of the shell is spaced slightly away 
from or above the chest to form a chamber; and, a 
source of negative pressure such as a turbine fan or 
other blower is connected to the shell and operated to 
periodically draw or suck air out of the chamber be 
tween the shell and the chest. This action creates a 
negative pressure in the chamber above the chest (i.e., a 
pressure slightly less than ambient atmospheric pres 
sure) causing the chest to be expanded upwardly into 
the chamber and the lungs to be ?lled with air. 
More speci?cally, to take a breath, a person’s chest is 

normally expanded by his or her own chest muscles and 
diaphragm to draw in the breath. In doing so, the expan 
sion of the chest actually creates an area of pressure less 
than atmospheric in the chest cavity itself. The ambient 
air which is then at a relatively higher pressure simply 
flows into the lower pressure area of the expanded chest 
cavity ?lling the lungs with air. With a negative pres 
sure ventilator, a slightly different principle is used 
wherein the ventilator does this work of breathing in 
place of the patient’s own chest muscles and diaphragm. 
In doing so, the ventilator creates a volume of negative 
pressure (i.e., slightly less than atmospheric) outside of 
the patient’s chest in the chamber between the patient’s 
chest and the shell. The ambient air which is then at a 
relatively higher pressure seeks this volume of the 
chamber of negative or lower pressure and in doing so, 
flows into the patient’s mouth and/or nose expanding 
his chest into the chamber and ?lling his lungs with air. - 
The negative pressure in the chamber is thereafter re 
duced or eliminated wherein the patient’s expanded 
chest falls essentially under its own weight to expel the 
breath from the lungs. This process is subsequently 
repeated at regular intervals (e. g., twelve times per 
minute) to simulate normal breathing. 

In more sophisticated models of negative pressure 
ventilators, the exhalation of the breath from the pa 
tient’s lungs can be aided by supplying a slight positive 
pressure to the chamber between the shell and the pa 
tient’s chest. This positive pressure, in turn, assists in 
collapsing the patient’s chest and forcing the air out of 
the patient’s lungs. In most cases, the source of such 
positive pressure is simply the exhaust of the same tur 
bine fan or blower that is being used to create the nega 
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2 
tive pressure in the chamber. The design problem then 
becomes how to connect and control the various flow 
paths to and from the ventilator in a precise and concise 
manner to alternately deliver such negative and positive ' 
pressures to the chamber between the patient’s chest 
and the shell. The system should also preferably have a 
dead or neutral position in which neither positive nor 
negative air is delivered to the user. Further, the peri 
odic delivery or flow of air must preferably be done 
without connecting the negative and positive sides of 
the turbine fan or blower at the same time to the cham 
ber between the patient’s chest and the shell. Otherwise, 
the opposing pressures would work against one another 
trying both to inflate and de?ate the patient’s lungs at 
the same time. - 

Such periodic delivery or flow of negative and posi 
tive pressure air into and out of the chamber between 
the shell and the patient’s chest is commonly controlled 
by any number of valving arrangements. However, all 
such known ones involve at least two and usually four 
or even more distinct and separately operated valves or 
bleeders. This not only adds complexity and bulk to the 
ventilator but also can make its operation difficult to set 
and adjust. Further, it may make the inclusion of such 
desirable operating options as sigh features dif?cult to 
do. 
With this in mind, the valving arrangement of the 

present invention was developed. With it, the periodic 
delivery or flow of negative and positive pressure air 
into and out of the ventilator and shell can be precisely 
controlled and adjusted by the operation of a single, 
one-piece valve member. 

SUMMARY OF THE INVENTION 

This invention involves a valving arrangement pri 
marily designed and intended for use in a negative pres 
sure ventilator system. The valve arrangement has a 
uniquely designed valve that enables the ventilator to 
perform a number of operations simply by manipulation 
of a single, one-piece valve member within a valve 
housing. The valve housing has multiple inlets and out 
lets and the valve member can be rotated within it to 
present a variety of pressure cycles to the patient. In the 
preferred manner of operation, the present invention 
selectively applies negative and positive pressures to the 
patient during different portions of the cycle. In this 
regard, the valve member is structured so that negative 
and positive pressures are never at the same time deliv 
ered to the patient. The valve arrangement is compact 
and lightweight. It is also functionally superior to prior 
designs that can only supply whatever pressure is being 
created by the blower. In contrast, the valve of the 
present invention can create pressures from zero to the 
maximum blower pressures (both negative and positive) 
by positioning the valve to selectively split the blower 
pressure (negative or positive) to ambient air. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view of a common set-up arrangement for 
the negative pressure ventilator system of the present 
invention. 
FIG. 2 is a cross~sectional view of the ventilator of 

the present invention. 
FIG. 3 is a view taken along line 3-3 of FIG. 2. 
FIG. 4 is a view taken along line 4-4 of FIG. 2. 
FIG. 5 is an exploded view of the valving arrange 

ment of the present invention. 
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FIG. 6 is a perspective view of the assembled valving 
arrangement with the rotatable valve member in its 
extreme clockwise position. 
FIG. 7 is also a view of the valving arrangement with 

the rotatable valve member in its extreme clockwise 
position. 
FIG. 8 illustrates the valving arrangement with its 

valve member turned slightly counterclockwise from 
the position of FIG. 7. 
FIG. 9 illustrates the valving arrangement with its 

valve member turned slightly counterclockwise from 
the position of FIG. 8. 
FIG. 10 illustrates the valving arrangement with its 

valve member turned slightly counterclockwise from 
the position of FIG. 9. 
FIG. 11 illustrates the valving arrangement with the 

rotatable valve member in its extreme counterclockwise 
position. 
FIG. 12 is a perspective view of the assembled valv 

ing arrangement with the rotatable valve member in its 
extreme counterclockwise position. 
FIG. 13 is an enlarged view taken along line 13-13 

of FIG. 11. ' 

FIG. 14 illustrates the pressure gradient in the shell 
chamber during a typical operating cycle. 
FIG. 15 is a two-dimensional schematic of the present 

invention. 
FIGS. 16-20 are two-dimensional schematic repre 

sentations of the operation of the valving arrangement 
of the present invention. Schematic FIGS. 16-19 corre 
spond to FIGS. 7-10. 
FIG. 21 illustrates the drive and pulley operation that 

manipulates the rotation of the valve member about its 
axis. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Introduction 

FIG. 1 illustrates a common set-up for assisting a 
patient 1 to breathe with a negative pressure ventilator 
3. In this set-up, the patient 1 is lying supine on the bed 
5 and the shell 7 is positioned above his chest. The shell 
7 is held in place by Velcro or other removable strap 
arrangements 9 with the perimeter edge at 11 of the 
shell 7 substantially conforming to the patient’s body to 
form a seal. The main portion 13 of the shell 7 is slightly 
spaced from the patient’s chest to form a chamber 15. In 
operation, the negative pressure ventilator 3 periodi 
cally draws or sucks air out of the chamber 15 through 
the connecting tube 17. This causes the patient’s chest 
to be expanded upwardly into the chamber under the 
in?uence of the ambient air. That is, the ambient air 
which is at a relatively higher pressure seeks the lower 
pressure in the chamber 15. As a consequence, the ambi 
ent air enters into and expands the patient’s chest into 
the chamber 15 flling his lungs with air. Upon release of 
the negative pressure by the ventilator 3, the patient’s 
chest then essentially falls under its own weight to expel 
the breath from his lungs. This fundamental manner of 
operation is old and well known. 
The negative pressure ventilator system of the pres 

ent invention is shown in cross section in FIG. 2. As 
shown, the connecting tube 17 which is the primary 
flow channel to the patient is attached in a simple, over 
lapping manner to the passageway 19. The passageway 
19 is part of the valving housing 21 and as illustrated is 
located at the bottom of the valve housing 21 of the 
overall valving arrangement 23. In the position of FIG. 
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2, air is being drawn through the connecting tube or 
primary flow channel 17 from the shell 7 (FIG. 1) on 
the patient’s chest under the in?uence of the turbine 31 
of the air blower 33. More speci?cally, the turbine 31 of 
the air blower 33 is being rotated by the motor 35 to 
move air through the main body 37 of blower 33. The 
inlet 29 to the main body 37 of the blower 33 is thus at 
a negative pressure less than ambient or atmospheric 
pressure. The outlet 39 is then at a positive pressure 
greater than ambient or atmospheric pressure. (Such 
negative pressure relative to ambient pressure is indi 
cated in FIG. 2 and the other drawings by hollow ar 
rows and such positive pressure relative to ambient 
pressure is indicated in FIG. 2 and the other drawings 
by solid arrows.) 
The three dimensional nature of the valving or con 

trol arrangement 23 between the primary ?ow channel 
17 and the blower 33 is somewhat difficult to describe 
and illustrate simply by reference to only one or two 
?gures. However, suffice it to say at this introductory 
point in the disclosure that the air ?ow through the 
apparatus in the position of FIG. 2 is as follows. Using 
the shell 7 of FIG. 1 as a beginning reference point, the 
air ?ows from the shell 7 through the primary ?ow 
channel or connecting tube 17 (see FIG. 2) to the pas 
sageway 19 at the bottom of the valve housing 21. From 
there, the air passes through the bottom of the valve 
housing 21 in FIG. 2 and out the valve housing outlet at 
25 into the ?ow path 27 which leads to the inlet 29 of 
the blower 33. Thereafter, the air passes through the 
main body 37 of the blower 33 to the outlet 39 and 
through the ?ow path 41 back into the valve housing 21 
through the valve housing inlet 43 in the wall 45. The 
air then ?ows out of the valve housing 21 through the 
valve housing outlet 47. Subsequently, as best seen in 
FIGS. 2 and 3, the positive pressure air passes from the 
valve housing outlet 47 into a chamber 49. This cham 
ber 49 surrounds the right half of the valve housing 21 
in FIG. 3 and is created or de?ned by the enclosure 
formed between the back wall 45 and the cover member 
51 with its dividers 53 (see FIGS. 2 and 3). From cham 
ber 49, the air passes through the slots 55 (see FIG. 2) in 
the wall 45 and along the ?ow path 57 outside of the 
main body 37 of the blower 33 where it is vented to 
atmosphere through vent holes 59. 

In this manner, a ?ow path from the shell 7 through 
the valve housing 21 to the blower 33 and back through 
the valve housing 21 to the atmosphere is thus created. 

Referring again to FIG. 2, the wall 45 containing the 
valve housing inlet 43 performs multiple functions. 
Among them, the wall 45 functions at portion 45' (see 
FIGS. 4 and 5) as the back end wall for the valve hous 
ing 21. In this regard, the wall 45 at portion 45' provides 
not only the valve housing inlet 43 as discussed above 
but also provides the valve housing outlet 25 at the 
bottom and back of the valve housing 21. FIG. 5 best 
illustrates this point in an exploded fashion wherein the 
wall portion 45' with its openings 25 and 43 is shown 
below the exploded valving arrangement 23. The valv 
ing arrangement 23 as illustrated includes the valve 
housing 21 and the single, one-piece valve member 2 
(which is explained in more detail below). Assembly of 
the exploded parts of FIG. 5 then results in the assem 
blage in the positions of FIGS. 6 and 7. 
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Operation Of The Single, One-Piece Valve Member 2 
The valving arrangement 23 of the present invention 

includes the valve housing 21 (see FIG. 5) and the sin 
gle, one-piece valve member 2. Additionally, the por 
tion 45' of the end wall 45 as explained above forms the 
back end wall of the valve housing 21 when the valving 
arrangement 23 is assembled. When assembled, the 
valve member 2 is mounted as shown (see FIGS. 5-7) 
within the valve housing 21 for rotation about the axis 4. 

In one extreme position of the valve member 2 
wherein it is rotated to its far clockwise position (see 
FIGS. 1-7), a ?ow path is created from the shell 7 on 
the patient’s chest through the valve housing 21 to the 
blower 33 and back through the valve housing 21 to 
atmosphere. In this position, the full negative pressure 
of the blower 33 is applied to the chamber 15 in the shell 
7. In the other extreme position of valve member 2 
wherein it is rotated to its far counterclockwise position 
(skip ahead to FIGS. 11 and 12), the condition exists in 
which the full positive pressure of the blower 33 is 
being applied to the chamber 15 in the shell 7. 
More speci?cally and referring ?rst back to FIG. 6, 

the valve housing 21 has a side opening 6 in its cylindri 
cal wall 8. With the cover 51 of FIG. 2 in place, this 
opening 6 communicates with a chamber 49' in essen 
tially the same manner as explained above that the valve 
housing outlet 47 in FIGS. 2 and 3 communicates with 
chamber 49. That is, the cover 51 with its dividing walls 
53 separates the space radially about the valve housing 
21 into a left chamber 49' and a right chamber 49 (see 
FIG. 7). The right chamber 49 as explained above is 
ultimately connected in ?uid communication with the 
atmosphere through ?ow path 57 in FIG. 2. In a similar 
manner, chamber 49' through slots 55' and a ?ow path 
corresponding to 57 is also connected in ?uid communi 
cation with the atmosphere. However, with the valve 
member 2 in its extreme, clockwise position of FIGS. 
1-7, the opening 6 in the valve housing 21 is closed to 
communication with any of the portals (e.g., passage 
way 19, outlet 25, or inlet 43) in the valve housing 21. 
This is accomplished by the inclined, ramp member 10 
of the valve member which is best seen in FIGS. 5 and 
6. In this regard and with the valve member 2 in its 
extreme, clockwise position of FIGS. 6 and 7, the ramp 
member 10 prevents or blocks any ?uid communication 
through valve opening 6 with any of the other portals 
(e.g., 19, 25, or 43) of the valve housing 21. The full 
negative pressure of the blower 33 can then be applied 
through passageway 19 to the chamber 15 in the shell 7. 

Conversely, with the valve member in its other ex 
treme position (i.e., counterclockwise) of FIGS. 11 and 
12, the ?ow path at 12 from the side opening 6 to the 
valve housing outlet 25 (which leads to the inlet 29 of 
the blower 33) is not blocked by the ramp member 10. 
Consequently, the ?ow negative pressure draw of the 
blower 33 is connected to ambient or atmospheric air 
via the valve housing portal 25, side opening 6, chamber 
49’, and slots 55’. At this position of valve member 2, its 
elongated hole 14 (see FIGS. 5 and 11) connects with 
the valve housing inlet 43. In this manner, the full posi 
tive pressure of the blower 33 is directed from the valve 
housing inlet 43 through the hole 14 past the upper side 
16 (see also FIG. 13) of the ramp member 10 to the 
passageway 19 which in turn leads to the shell 7. FIG. 
13 in this regard illustrates this ?ow through the valve 
housing 21 with the valve member 2 in this position 
from a view taken along line 13-13 of FIG. 11. 

6 
Normal Operation 

In a normal cycle of operation, the valve member 2 is 
moved between its extreme clockwise position of FIGS. 
6 and 7 and a position approaching but not actually 
reaching its extreme counterclockwise position of 
FIGS. 11 and 12. That is, the most common mode of 
operation of the negative pressure ventilator 3 is in 
tended to produce a pressure cycle in the chamber 15 of 
shell 7 such as shown in FIG. 14. In such a cycle, the 
pressure in the shell 7 changes between negative and 
positive, preferably abruptly to compensate for the 
resistance of the patient's chest wall. Also, the negative 
pressure side is preferably smaller in time (e.g., 40 per 
cent of each cycle) and larger in relative pressure (e.g., 
negative 30 centimeters of water) than the positive pres 
sure side (e.g., 60 percent in time and positive 5 centime 
ters of water). In this manner, the pressure in the shell 

. chamber 15 is reduced to 30 centimeters of water in our 
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example (i.e., from point A to point B in FIG. 14) caus 
ing the patient to breathe in or inhale. This negative 
pressure is then gradually relieved to zero (i.e., from 
point B to point C of FIG. 14) allowing the patient’s 
chest to fall under its own weight and the patient to 
breathe out or exhale. Additionally, the cycle then con 
tinues to include a slight rise to a small positive pressure 
in the chamber 15 of 5 centimeters of water in our exam 
ple (i.e., from point C to point D in FIG. 14) to slightly 
compress the patient’s chest to aid his exhalation. 
Thereafter, the positive pressure is reduced to zero (i.e., 
from point D to point A’ in FIG. 14) to begin a new 
cycle. 
For clarity and in reference to the positioning of the 

rotatably mounted valve member 2, this normal cycle of 
operation is perhaps easier to understand, describe, and 
illustrate by following the cycle in FIG. 14 from trough 
to trough (i.e., line T-T in FIG. 14). More speci?cally, 
at the bottom of the trough, the valve member 2 is in its 
extreme clockwise position of FIGS. 6 and 7. In this 
position, the full negative pressure of the air blower 33 
is being applied through passageway 19 and the con- ' 
necting or primary ?ow channel 17 to the chamber 15 in 
shell 7. From there, the valve member 2 is rotated 
slightly counterclockwise to the position of FIG. 8. In 
this position, the ramp member 10 which completely 
sealed off portal 25 from chamber 49’ in FIG. 7 has been 
moved to slightly uncover the valve housing outlet 25 
(which in turn leads to the inlet 29 of the blower 33). 
The negative draw of the blower 33 then draws both 
from passageway 19 leading to the patient’s shell 7 and 
from atmospheric air via side opening 6, chamber 49’, 
and slots 55’ leading to ambient air. The negative pres 
sure in the shell 7 thus begins to be relieved (e.g., to 15 
centimeters of water-see FIG. 14). Continued counter 
clockwise rotation of valve member 2 to FIG. 9 pro 
duces a zero draw through passageway 19 leading to 
the patient’s shell 7. In the position of FIG. 9, the nega 
tive draw of the blower 33 is completely drawn from 
ambient air through chamber 49’ and portal 25. Addi 
tionally, the exhaust or positive pressure discharged 
from the blower 33 is directed through valve housing 
outlet 47 to chamber 49 to atmosphere. The cycle to the 
shell 7 is thus at a dead spot (i.e., zero, no negative or 
positive pressure being applied through passageway 19 
into shell 7). Further rotation of valve member 2 coun 
terclockwise to FIG. 10 then slightly connects part of 
the positive pressure discharge at 43 from the blower 33 
to the elongated hole 14 of the valve member 2. A slight 
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positive pressure (e.g., 5 centimeters of water) is thus 
driven or directed to passageway 19 leading to the shell 
7 to assist the patient in exhalation. The valve member 
2 is then rotated back clockwise in essentially a mirror 
image manner to again reach a negative pressure trough 
in our example of 30 centimeters of water. 

In normal operation, FIG. 10 is as far counterclock 
wise as the valve member 2 is rotated in a cycle. This is 
true because patients rarely need the full positive pres 
sure of the blower 33 (e.g., 30 centimeters of water) 
applied to them. Yet, the capacity to do so is built into 
the valving arrangement 23 of the present invention. 
That is, if desired, the valve member 2 can be moved to 
the extreme counterclockwise position of FIGS. 11 and 
12 wherein the valve housing outlet 47 is completely 
blocked and all air from the blower 33 is directed or 
driven through hole 14 in the valve member 2 into the 
passageway 19 leading to the patient’s shell 7. This 
position could be used to apply the full positive pressure 
to the patient or simply to rapidly relieve the pressure 
or shell by bringing it very rapidly back to zero. 

Schematic Description Of " Valve Operation 

For additional clarity, the operation of the valving 
arrangement 23 of the present invention has been illus~ 
trated in schematic form in FIGS. 15-20. FIG. 15 is a 
two-dimensional representation of the present inven 
tion. As shown in it, the connecting tube or primary 
flow channel 17 to the patient is connected to the pas 
sageway 19 of the valve housing 21. This passageway 19 
for clarity has been described as a separate part to give 
a reference point of where the primary ?ow channel 17 
enters the valve housing 21. However, passageway 19 
and primary flow channel 17 could simply be portions 
of the same or continuous tube. In any event, the valve 
housing 21 then has a ?rst outlet 25 in the schematic of 
FIG. 15 leading through a ?rst ?ow path 27 to the 
blower inlet 29. The positive pressure air from the 
blower outlet 39 is directed through the second ?ow 
path 41 to the ?rst inlet 43 of the valve housing 21. 
Additionally, valve housing 21 has a second outlet 47 
connected via chamber 49 and slots 55 to ambient air. 
Valve housing 21 in the schematic of FIG. 15 also has a 
second inlet (i.e., side opening 6 in the valve housing 21) 
connected via chamber 49' and slots 55' to ambient air. 

In operation in the two-dimensional schematics of 
FIGS. 15-20, the valving arrangement 23 can first be 
positioned as shown in FIG. 16 to draw 100% of the 
negative pressure of the blower 33 through the primary 
flow channel 17 leading to the patient’s shell 7. In this 
position of FIG. 16, 100% of the positive pressure air 
from the blower 33 is exhausted through the second 
valve housing outlet 47 to atmosphere. FIG. 16 thus 
corresponds to FIGS. 1-7. Thereafter, the valve mem 
ber 2 can be rotated counterclockwise to the second 
position of FIG. 8 which is schematically shown in 
FIG. 17. In this position, air is drawn both from the 
primary flow channel 17 and the second valve housing 
inlet 6. In this regard, the valve member 2 can be ro 
tated or positioned to draw any desired proportion of 
air (e.g., 75% from the primary ?ow channel 17 and 
25% from opening 6 or whatever) but it is intended to 
draw 1(X)% of the demand of the blower 33 only from 
these two sources (i.e., X% from 17 and 100% -X% 
from 6). The valve member 2 is thereafter rotated to its 
neutral or dead spot of FIGS. 9 and 18 with the blower 
33 drawing 100% of its negative ?ow from atmosphere 
through the second valve housing inlet 6 and discharg 
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8 
ing 100% of its positive ?ow to atmosphere through the 
second valving outlet 47. In this position, the valving 
arrangement 23 completely bypasses any communica 
tion with the patient through the primary flow channel 
17 and the air for the blower 33 is drawn entirely from 
ambient air and the air from the blower 33 is discharged 
entirely to the ambient air. This neutral position with its 
by-pass ?ow is desirable as the blower 33 is not working 
against a dead space. Consequently, the by-pass ?ow in 
the neutral position helps to keep the blower 33 cool. 
Continuing rotation of valve member 2 to the third 
position of FIG. 10 (schematic FIG. 19) then serves to 
apply some positive pressure (e.g., Y% or enough to 
apply 5 centimeters of water) to the shell 7. However, 
the bulk (100% -Y%) of the positive pressure air in this 
position is being vented through the second valve hous 
ing outlet 47 to atmosphere. This movement through 
FIGS. 16-19 is then essentially reversed to complete a 
cycle. 

Schematic FIG. 20 illustrates the capacity of the 
valving arrangement 23 to position valve number 2 in its 
extreme counterclockwise position. This corresponds to 
FIGS. 11 and 12 and applies to the patient 100% of the 
ambient air being drawn through the second valve 
housing inlet 6 into the blower 33. As discussed above, 
however, this is not a normal step in the operation of the 
present invention but is available if desired and if re 
quired by the particular condition of the patient 1. For 
example, it may be desirable in certain cases to abruptly 
relieve the negative pressure to zero by infusing full 
positive pressure to the shell chamber 15. 

Schematic FIGS. 16-20 and in particular FIG. 18 
also illustrates the preferred manner of operation of the 
valving arrangement 23. In it, the periodic delivery or 
?ow of air is preferably managed without ever connect 
ing the negative and positive sides of the blower 33 at 
the same time to the shell 7 on the patient’s chest. Other 
wise, the opposing pressures would work against one 
another trying both to in?ate and de?ate the patient’s 
lungs at the same time. This is accomplished in the 
preferred embodiment by having a speci?c position of 
valve 2 (i.e., FIGS. 9 and 18) in which structure posi 
tively prevents the undesirable application of both posi 
tive and negative pressure to the patient 1. 

Thus, the valving arrangement 23 of the present in 
vention offers several distinct advantages over prior art 
devices. For example, the blower 33 in the system can 
be set at a single speed (e.g., 5,000 rpm’s or a single 
speed blower 33 can simply be used) and the valving 
arrangement 23 can then deliver either positive or nega 
tive pressure to the patient 1 anywhere from zero to the 
maximum blower pressure (positive and negative). Ad 
ditionally, if a servo motor is used, for example, this 
pressure delivery to the patient 1 can be in?nitely ad 
justed by the valving arrangement 23. Further, the 
blower 33 can be operated at a slightly higher speed 
(e.g., 7,000 rpm’s) to create a maximum pressure (e.g., 
35 centimeters of water) in excess of the maximum pres 
sure (e.g., 30 centimeters of water) normally applied to 
the shell chamber 15. In this mode of operation, the 
valve member 2 would not be moved to its extreme 
clockwise position during a normal cycle and would 
essentially operate between a cycle of just FIGS. 17 and 
19. The disadvantage of running the blower 33 at such 
a higher speed and pressure is for the most part just 
increased noise. The advantage gained, however, is that 
the valve arrangement 23 can then compensate for leak 
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age out of the shell chamber 15 (e.g., if the patient 1 
moves or if the seal at the edge 11 changes). 

In this regard, for example, if the desired maximum 
negative pressure in the shell chamber 15 is negative 30 
centimeters of water and the blower 33 is run at nega 
tive 35 centimeters of water, the valve member 2 may 
then be rotated only to the position of FIG. 17 to draw 
the pressure down in shell chamber 15 to 30 centimeters 
of water. However, if a leak occurs or the size of the 
leak increases, the valve member 2 can simply be ro 
tated farther clockwise to connect the tube 17 with, for 
example, 32 or the full 35 centimeters of water from the 
blower 33. This will then compensate for the leakage 
and maintain the maximum desired draw of 30 centime 
ters of water over the patient’s chest in the shell cham 
ber 15 as sensed by sensor 38. If the leakage or change 
in leakage is sudden, the valving arrangement 23 of the 
present invention can adjust to it virtually instanta 
neously by a simple movement of valve member 2. In 
contrast, prior single speed blowers normally cannot 
compensate for such leaks or must use separate valves 
or bleeders and prior adjustable speed blowers usually 
compensate for such leaks by reving up the blower to a 
higher speed which can often take several minutes. The 
valvingv arrangement 23 can therefore be used to en 
hance the operation of such adjustable blowers as well 
as less expensive, single speed blowers. 

Other Details Of The Valving Arrangement And Its 
Operation 

The valve housing 21 of the valving arrangement 23 
as shown in FIG. 5 has a substantially cylindrical, 
curved wall 8 extending about and along the axis 4. The 
wall 8 has interior exterior, curved sides 18 and 20 (see 
FIG. 7) that also extend substantially about and along 
the axis 4 between the valve housing end walls 45' and 
22 (see FIG. 5). The valve housing end walls 45’ and 22 
as illustrated extend substantially perpendicular to the 
axis 4. The valve member 2, in turn, is positioned within 
valve housing 21 between the end walls 45’ and 22; and, 
the passageway 19 as illustrated extends through the 
front end wall 22 (see FIG. 5). In the preferred embodi 
ment, the ?rst outlet 25 and ?rst inlet 43 of the valve 
housing 21 pass through the back end wall at 45'; and, 
the second inlet 6 and second outlet 47 respectively pass 
through the cylindrical wall 8 of the valve housing 21. 
The valve member 2 as disclosed above includes 

ramp member 10 which is inclined to the axis 4. Ramp 
member 10 extends between the two end walls 45’ and 
22 and essentially divides the valving arrangement 23 
internally into two chambers 24 and 26 (see FIG. 5). 
Chamber 24 is illustrated as always being to the left or 
clockwise from the dividing ramp member 10 in the 
?gures and chamber 26 is illustrated as always being to 
the right or counterclockwise from the ramp member 
10 in the ?gures. Curved portion 28 of valve member 2 

‘ (see FIG. 5) also helps to de?ne chamber 26 and further 
serves with portion 30 to control and valve the valve 
housing outlet 47 (see FIGS. 10 and 11). In operation as 
discussed above, chamber 24 is always in fluid commu 
nication with the second inlet 6 of the valve housing 21 
at least in the three valve positions of FIGS. 7, 8, and 10 
and corresponding schematic FIGS. 16, 17, and 19. In 
all of these last-mentioned valve positions as shown, the 
ramp member 10 prevents ?uid communication within 
the valve housing 21 between the valve and inlets 6 and 
43. The other chamber 26 when the valve member 2 is 
in the third position of FIG. 10 (see also schematic FIG. 
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10 
19) is always in ?uid communication with the ?rst inlet 
43 of the valve housing 21 . In the neutral vor dead spot 
position of FIGS. 9 and 18, chamber 26 is isolated from 
fluid communication with either portal 25 or 43 and in 
this position, neither positive nor negative pressure air is 
directed to the passageway 19 leading to the shell 7. 
That is, in this neutral position, the primary ?ow chan 
nel 17 to the patient 1 is closed. 
The unique structure of the valving arrangement 23 

allows the operator to easily program, adjust, and vary 
the operation of the system to meet a particular patient’s 
needs. This is primarily a consequence of the fact that 
the operation of the system is essentially controlled by 
simply manipulating a single, one-piece valve member 
2. In this light, for example, the cycle time and pressure 
limits of FIG. 4 can be set by simply adjusting knobs 32 
of the programmable control unit 34 on the front of the 
negative pressure ventilator 3 of FIGS. 1 and 2. The 
pressure sensor 36 with its feedback sensor line 38 of 
FIGS. 1 and 2 then insures that the desired pressure 
settings at the chamber 15 are met. In the example of 
FIG. 14, the desired pressure limits to the patient are set 
between negative 30 centimeters of water and positive 5 
centimeters of water. The turbine 31 is then run by 
motor 35 (which is also controlled by unit 34) to a speed 
(e.g., 5,000 rpm) that will generate negative 30 centime 
ters of water in chamber 15 (as sensed by sensor 36 
through its sensor line 38). This is preferably at the 
extreme clockwise position of the valve 2 (i.e., position 
of FIGS. 1-7) which connects the full negative draw of 
the blower 33 to the shell 7. As a practical matter, the 
blower 33 is then being operated as quietly and cool as 
possible since it operating at the lowest speed to achieve 
the desired, maximum pressure. 
The speed and positioning of how the valve member 

2 is then moved counterclockwise through FIGS. 8-10 
is controlled in response to operation of the drive 40 
(see FIGS. 2 and 21). The drive 40 (e.g., servo motor) as 
shown includes a simple belt and pulley arrangement 42 
wherein valve member 2 is selectively rotated about 
axis 4. This is all controlled by the control unit 34 of 
FIG. 2 in cooperation with the feedback sensor 36 
which seeks to create the pre-set, desired cycle of FIG. 
14 in as smooth a manner as possible. This simplicity of 
operation and the in?nite adjust/ability of valve member 
2 enable the cycle or cycles to be set to include any 
number of variations. These may include such desirable 
features as a sigh function (e.g., a relatively large breath 
over a longer than normal time at a negative pressure 
greater than the negative 30 centimeters of water in our 
example). Such a sigh function can be accomplished by 
simply increasing the turbine speed from its normal rate 
of, for example, 5,000 rpm to 13,000 rpm and appropri 
ately manipulating valve member 2 to its extreme clock 
wise position of FIGS. 1-7. 
The cooperation between the sensor 36 with its feed 

back line 38 and the control unit 34 also automatically 
adjusts for leaks in the system (either continuous or 
temporary ones). It can do this by ramping up the tur 
bine 31 to whatever speed is necessary to achieve the 
desired, maximum negative pressure at the chamber 15 
in shell 7. The system also quickly adjusts to any size 
shell or other hard or soft covering (e.g., pancho, full 
body suit) on the patient. That is, the system automati 
cally operates to create the pre-set pressure differentials 
in the shell 7 or other covering regardless of its volume. 
The operation can also include breaths in which more 
positive pressure is directed into the shell 7 to more 
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fully compress the lungs. This can be accomplished by 
either rotating the valve member 2 counterclockwise 
beyond FIG. 10 to allow increased pressure to develop 
in shell 7. A cycle of operation could additionally be set 
at less than completely breathing for the patient so that 
he would have to work his muscles somewhat. All of 
this ?exibility is easily achieved by the system of the 
present invention primarily because of the structure of 
the single, one-piece valve member 2 which can be 
easily, quickly, and accurately adjusted and controlled 
to move among in?nitely variable positions. 
While several embodiments of the invention have 

been shown and described in detail, it is to be under 
stood that various modi?cations and changes could be 
made to them without departing from the scope of the 
invention. 
We claim: 
1. A valving arrangement primarily intended for use 

with an air blower means to selectively draw air 
through and drive air through a primary ?ow channel, 
said valving arrangement including: 

air blower means having a main body with an inlet 
and outlet and means for moving air through said 
main body from said inlet to said outlet, said air at 
said inlet being at a negative pressure less than 
ambient air pressure and said air at said outlet being 
at a positive pressure greater than ambient air pres 
sure, 

a primary ?ow channel, and 
valve means operably positioned between said air 
blower means and said primary ?ow channel, said 
valve means having a valve housing with at least 
?rst and second separate inlets, at least ?rst and 
second separate outlets, and at least one passage 
way in ?uid communication with said primary ?ow 
channel, 

said valving arrangement further including a ?rst 
flow path for said negative pressure air extending 
between said ?rst outlet of said valving housing 
and the inlet of said air blower means, a second 
?ow path for said positive pressure air extending 
between the outlet of said air blower means and the 
?rst inlet of said valve housing, said second outlet 
of said valve housing and said second inlet of said 
valve housing being respectively in ?uid communi 
cation with ambient air, and 

said valve means further including a single, one-piece 
valve member and means for moving said single 
valve member between at least two positions, said 
valve member in one position placing said ?rst ?ow 
path in ?uid communication through said passage 
way with said primary ?ow channel and through 
said second inlet of said valve housing in ?uid 
communication with ambient air while placing said 
second ?ow path in ?uid communication through 
the‘ second outlet of said valve housing with ambi 
ent air to vent substantially all of said positive pres 
sure air from said air blower means to ambient air 
and said valve member in another position placing 
said second ?ow path in ?uid communication 
through said passageway with said primary ?ow 
channel and through said second outlet of said 
valve housing in ?uid communication with ambient 
air while placing said ?rst ?ow path in ?uid com 
munication through said second inlet to said valve 
housing with ambient air to draw ambient air 
through said second inlet in said valve housing into 
said air blower means through said ?rst ?ow path. 
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2. The valving arrangement of claim 1 wherein said 

valve means includes means for mounting said single 
valve member within said valve housing. 

3. The valving arrangement of claim 1 wherein said 
valve means includes means for mounting said single 
valve member for rotation about an axis. 

4. The valving arrangement of claim 1 wherein said 
valve means includes means for mounting said single 
valve member within said valve housing for rotation 
about an axis. 

5. The valving arrangement of claim 4 wherein said 
valve housing has a curved wall extending substantially 
about and along said axis and two end walls spaced 
from each other extending substantially perpendicular 
to said axis, said single valve member being positioned 
within said curved wall and between said end walls. 

6. The valving arrangement of claim 5 wherein said 
curved wall has interior and exterior sides and said 
interior side is substantially cylindrical. 

7. The valving arrangement of claim 5 wherein said 
passageway to said primary ?ow channel passes 
through one end wall, said ?rst inlet and said ?rst outlet 
of said valve housing pass through the other end wall, 
and said second inlet and second outlet of said valve 
housing pass through said curved wall. 

8. The valving arrangement of claim 7 wherein said 
curved wall has interior and exterior sides and said 
interior side is substantially cylindrical. 

9. The valving arrangement of claim 7 wherein said 
single valve member includes a dividing member ex 
tending along said axis substantially between said two 
end walls to form at least two chambers within said 
valve housing. 

10. The valving arrangement of claim 9 wherein said 
dividing member is inclined relative to said axis. 

11. The valving arrangement of claim 9 wherein one 
of said chambers is in ?uid communication with the 
second inlet of said valve housing at each of said two 
positions of said single valve member. 

12. The valving arrangement of claim 11 wherein the 
other of said chambers is in ?uid communication with 
the ?rst inlet of said valve housing at said another posi 
tion of said single valve member. 

13. The valving arrangement of claim 9 further in 
cluding means for preventing ?uid communication 
within said valve housing between the ?rst and second 
inlets of said valve housing at said two positions of said 
valve member wherein said preventing means includes 
said dividing member of said single valve member. 

14. The valving arrangement of claim 1 further in 
cluding means for preventing ?uid communication 
within said valve housing between the fust and second 
inlets of said valve housing at said two positions of said 
valve member. 

15. The valving arrangement of claim 1 wherein said 
moving means moves said single valve member to a 
neutral position wherein said valve member in said 
neutral position places said ?rst ?ow path in ?uid com 
munication through said second inlet to said valve hous 
ing with ambient air while placing said second ?ow 
path in ?uid communication through said second outlet 
of said valve housing and preventing ?ow of air 
through said passageway wherein all of the air drawn 
through said ?rst ?ow path is vented to ambient air 
through said second outlet of said valve housing. 

16. The valving arrangement of claim 1 wherein said 
moving means for said single valve member moves said 
single valve member to another position wherein said 
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valve member places said second ?ow path in ?uid 
communication through said passageway with said pri 
mary ?ow channel to deliver all of said positive pres 
sure air from said air blower means through said pri 
mary ?ow channel while placing said ?ow path in ?uid 
communication through said second inlet to said valve 
housing with ambient air to draw ambient air through 
said second inlet in said valve housing into the air 
blower means through said ?rst ?ow path. 

17. The valving arrangement of claim 1 wherein said 
air blower means is a turbine fan. 

18. The valving arrangement of claim 1 wherein said 
moving means moves said single valve member to a 
further position placing said ?rst ?ow path in ?uid 
communication through said passageway with said pri 
mary ?ow channel to draw air through said primary 
?ow channel to the inlet of said air blower means while 
placing said second ?ow path in ?uid communication 
through the second outlet of said valve housing with 
ambient air to vent substantially all of said positive 
pressure air from said air blower means to ambient air. 

19. The valving arrangement of claim 18 wherein said 
further position is a ?rst position (1), said one position is 
a second position (2), and said another position is a third 
position (3) and wherein said moving means for said 
single valve member moves said single valve member 
among said positions from position (1) to (2) to (3). 

20. The valving arrangement of claim 19 wherein said 
moving means for said single valve member moves said 
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single valve member among said positions in a cycle of 30 
position (1) to (2) to (3) to (2) and back to (1) to begin a 
new cycle. 

21. The valving arrangement of claim 19 wherein said 
moving means moves said single valve member to a 
fourth, neutral position wherein (4) said valve member 
in said fourth position places said ?rst ?ow path in ?uid 
communication through said second inlet to said valve 
housing with ambient air while placing said second ?ow 
path in ?uid communication through said second outlet 

35 

of said valve housing and preventing ?ow of air 40 
through said passageway wherein all of the air drawn 
through said ?rst ?ow path is vented to ambient air 
through said second outlet of said valve housing. 

22. The valving arrangement of claim 21 wherein said 
moving means for said single valve member moves said 
single valve member among said four positions in a 
cycle of position (1) to (2) to (4) to (3) to (4) to (2) and 
back to (1) to begin a new cycle. 

23. The valving arrangement of claim 18 wherein said 
valve means includes means for mounting said single 
valve member within said valve housing. 

24. The valving arrangement of claim 18 wherein said 
valve means includes means for mounting said single 
valve member for rotation about an axis. 

25. The valving arrangement of claim 18 wherein said 
valve means includes means for mounting said single 
valve member within said valve housing for rotation 
about an axis. 

26. The valving arrangement of claim 25 wherein said 
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from each other extending substantially perpendicular 
to said axis, said single valve member being positioned 
within said curved wall and between said end walls. 

27. The valving arrangement of claim 26 wherein said 
curved wall has interior and exterior sides and said 
interior side is substantially cylindrical. 

28. The valving arrangement of claim 26 wherein said 
passageway to said primary ?ow channel passes 
through one end wall, said ?rst inlet and said ?rst outlet 
of said valve housing pass through the other end wall, 
and said second inlet and second outlet of said valve 
housing pass through said curved wall. 

29. The valving arrangement of claim 28 wherein said 
curved wall has interior and exterior sides and said 
interior side is substantially cylindrical. 

30. The valving arrangement of claim 28 wherein said 
single valve member includes a dividing member ex 
tending along said axis substantially between said two 
end walls to form at least two chambers within said 
valve housing. 

31. The valving arrangement of claim 30 wherein said 
dividing member is inclined relative to said axis. 

32. The valving arrangement of claim 30 wherein one 
of said chambers is in ?uid communication with the 
second inlet of said valve housing at each of said three 
positions of said single valve member. 

33. The valving arrangement of claim 32 wherein the 
other of said chambers is in ?uid communication with 
the ?rst inlet of said valve housing at said third position 
of said single valve member. 

34. The valving arrangement of claim 30 further in 
cluding means for preventing ?uid communication 
within said valve housing between the ?rst and second 
inlets of said valve housing at said three positions of said 
valve member wherein said preventing means includes 
said dividing member of said single valve member. 

35. The valving arrangement of claim 18 further in 
cluding means for preventing ?uid communication 
within said valve housing between the ?rst and second 
inlets of said valve housing at said three positions of said 
valve member. 

36. The valving arrangement of claim 18 wherein said 
moving means for said single valve member moves said 
single valve member to another position wherein said 
valve member places said second ?ow path in ?uid 
communication through said passageway with said pri 
mary ?ow channel to deliver all of said positive pres 
sure air from said air blower means through said pri 
mary ?ow channel while placing said ?ow path in ?uid 
communication through said second inlet to said valve 
housing with ambient air to draw ambient air through 
said second inlet in said valve housing into the air 
blower means through said ?rst ?ow path. 

37. The valving arrangement of claim 18 wherein said 
air blower means is a turbine fan. 

38. The valving arrangement of claim 18 wherein said 
air blower is a constant speed blower. 

39. The valving arrangement of claim 1 wherein said 
valve housing has a curved wall extending substantially 60 air blower is a constant speed blower. 
about and along said axis and two end walls spaced 
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